Objectives: We describe the application of fundamental quality improvement methods to medical handoffs in order to improve resident learning and clinical training.Methods: We select six pervasive quality improvement methods that each highlight a particular aspect of overall process improvement. The six methods are the 7-S Framework, Plan-Do-Check-Act, DefineMeasure-Analyze-Improve-Control, Lean, Root Cause Analysis, and the Prioritization Matrix.Results: We describe how each method can be used to improve the efficiency and effectiveness of a patient care handoff. Examples are provided throughout to help depict each method in the handoff context. Our exposition is written so as to introduce the methods to a practitioner charged with improving a medical handoff, or a medical educator providing a course on healthcare process improvement.Conclusions: The medical field recognizes the importance of studying other disciplines in order to optimize key processes in medicine. We present six quality improvement methods not universally acknowledged in the medical field that are particularly applicable to improving medical handoffs. By contextualizing these methods into the medical handoff, we show both how to improve the overall process and emphasize the value in implementing concepts from other disciplines as part of the residency training curriculum.
INTRODUCTION
In the ever changing residency environment, clinical departments seek to optimise patient care while simultaneously avoid overworking medical residents. Beginning July 2003, the American Council of Graduate Medical Education (ACGME) developed the duty hour restrictions as one of the means to reduce resident fatigue. Since then, studies conducted on work hour limitations demonstrate positive results on resident performance. [1] [2] [3] [4] [5] Despite the preponderance of positive benefits, the change has produced some potential and unintended consequences. 6 Simulated models estimate increased financial costs and decreased resident teaching time. 7, 8 While such analysis may be difficult to ascertain 9 ; one certainty is an increase in handoff care from one resident to another.
A foundation in clinical practice, the handoff of care involves understanding and conveying the patient's medical conditions, detailing a plan of action, and communicating this complex set of information efficiently. Limited resident work hours affects the continuity of care and makes a successful handoff all the more imperative. 10 Maintaining a sense of continuity is a major concern among resident physicians 11 , and resolving it begins by improving the handoff experience. With new requirements set to begin in July 2011, recognizing how to improve the handoff experience becomes critical. 12 Many published studies advocate modeling the handoff into a standard protocol. [13] [14] [15] [16] [17] [18] [19] Given this need, we seek to contextualize quality improvement (QI) tools into developing the handoff model. In other industries, such quality improvement tools focus on optimizing a firm's capabilities and resources to best produce a product or service. Similarly, the same QI measures can be used to develop an optimal standardised handoff model. We assume the perspective of a QI team focused on improving the handoff through six fundamental quality improvement models: 7-S Framework, Plan-DoCheck-Act (PDCA), Define-Measure-Analyze-ImproveControl (DMAIC), Lean Principles, Root Cause Analysis (RCA), and Prioritization Matrix.
Each model is derived from a core principle that addresses a specific aspect of quality improvement. We arrange the models to address the specific complexity in the order in which the issue typically arises. The 7-S Framework allows the QI team to appreciate how the new handoff will affect the department's intricate structure. PDCA and DMAIC establish models for implementing a QI plan of action. Lean Principles address waste reduction initiatives fostering an efficiency-driven mentality. RCA define the nature and frequency of variations and problems inherent in common handoff models. Finally, the Prioritization Matrix sets up an objective, conflict-resolution model essential in prioritizing the many values and principles a department seeks in a handoff model.
Applying these principles serves as an educational tool to convey improvement opportunities and to recognize potential flaws inherent in the handoff process. These models structure the handoff experience by demonstrating its intricacies and educate residents on how to improve the transition of care.
7-S FRAMEWORK
All new handoff programs face conflicts that arise from competing values and varying levels of motivation.
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Anticipating such issues will prevent them from derailing the change. The 7-S framework 21, 22 addresses this by developing a basic understanding of the handoff environment. The 7-S breaks down a work system into seven elements: strategy, structure, systems, skills, staff, style, and shared values. 21 The team first identifies which of the seven elements is central to the change under consideration. It then establishes links with and among the remaining six elements to create a network depicting the overall repercussions of the change. 21, 22, 23, 24 In general, strategy is the organization's objectives and steps taken to achieve them. This includes the prioritization and allocation of time, staff, and resources. Structure is work system organization (e.g. reporting hierarchy, daily shift assignments). Systems focus on the methods and procedures surrounding the current handoff (e.g. shift-change requirements, training procedures, or even EMR protocols). Shared values are core beliefs. Style is the work system's ambiance, particularly its cultural demeanor. Staff includes the people involved (e.g. physicians and nurses). Skills are the capabilities of the organization as a whole; the medical training and clinical experience garnered by all. See Figure 1 for an example in our context. Visualizing a 7-S model.Note the intricate relationship among the various factors. Recognise which among these factors represents an improvement opportunity and which factors must remain constant in order to best facilitate acceptance of a new, improved handoff model.
While some conflicts are resolved through clarification of change details and intent, many persist without an adjustment to the original design. 25 For example, suppose the team suggests a patient handoff from a surgical resident to a resident in the recovery suite. Nurses may object to this change, given their current leadership of post-op patient management. In this case it may be best to compromise and split recovery management into tasks for both disciplines. In this example, nurse recovery management could be referred to as a Change Invariant, or an aspect of the current system that should remain for the betterment of the future state. 25, 26 With the 7-S model, one shows the potential changes, and limits thereof, allowing a department to gauge a handoff's efficacy through comprehensive understanding. This ultimately determines the proper course of action to be implemented. Once the environment is understood, the team will need a method to design and implement a new handoff model.
PLAN-DO-CHECK-ACT (PDCA) AND DEFINE-MEASURE-ANALYZE-IMPROVE-CONTROL (DMAIC)
After understanding the environment, the first task for any handoff improvement team is to select a method for designing and implementing a new handoff model. Two methods are Plan-Do-Check-Act (PDCA) 27 and DefineMeasure-Analyze-Improve-Control (DMAIC).models introduce a broad structure to the change process that is conducive for continuous improvement. 28 Each method when applied to handoff models creates opportunities for improvement.
To understand PDCA, think of the do step as a piloted handoff model. 27, 29, 32, 33 The definition of the plan step then follows naturally: before starting a pilot, the team must plan a version of the handoff to be tested. Full consensus on the plan is not necessary 33 : revisions to the original pilot will be rapidly planned, tested, and analyzed through another PDCA cycle until either (1) initial outcomes match desired results, or (2) new outcomes improve upon previous outcomes. 29, 32, 33 Next, the team checks if each pilot meets the criteria detailed in steps (1) and (2). 29, 32, 33 Then, the team acts by standardizing those aspects of the piloted program that definitively pass both criteria. Lastly, the team restarts the cycle with a revised handoff that corrects those aspects that did not meet the criteria. Continue until the handoff meets the two criteria mentioned above.
For example, a new handoff intends to improve the quality of inpatient trips from the general wards to the Catheterization (Cath) Lab. The goals are to improve the completeness of documentation and the efficiency of transfer. Instead of attempting to design a handoff model that immediately corrects every issue, the team can implement PDCA to sequentially address each problem. The team can also design a template to improve documentation by ensuring completeness before the transfer request is sent to the Cath Lab. After this initial pilot, the team notices that although documentation has improved, transfers are now taking longer. The second PDCA cycle should identify the cumbersome components of the handoff, and test a new program which improves efficiency.
While PDCA is effective in certain situations, it has limitations. The frequency of PDCA cycles are limited by the time it takes to develop a revised handoff. If each pilot needs extensive review, practicing PDCA can be inefficient: due to the rapid plan phase, initial pilots underperform and time is wasted waiting to review each subsequent pilot. 27 Further, the success of PDCA is particularly dependent on whether the check phase is meticulously applied. 27, 29, 33 Simple metrics of success may be misleading and more complicated measurements are often required in such circumstances.
The DMAIC model imposes a rigor of analysis that is not explicit in PDCA. 34, 35 In the define phase, the team specifies the components of the current handoff work system, and the scope and goals of the project. The measure phase collects data on whether the current handoff procedure matches the desired goals. One should actively seek to avoid data collection errors such as biased or incomplete samples.
The analyze phase explores the common problems in the handoff model. A multitude of analysis techniques are used in practice; Root Cause Analysis is one such example. The team then uses the analysis results to design a new handoff, ensuring that the new process addresses the most significant issues first. The improve phase then implements that design.
Immediately following implementation, DMAIC requires the team to sustain the improvements by using tools to control or monitor the changes and their effects. 34, 35, 36 One useful tool is a Control Chart, discussed in our Root Cause section. If the team observes an undesirable effect, they could restart an improvement cycle to address the issue.
Both iterative models establish a paradigm for controlled, sustainable improvement. The PDCA initiates a series of quick cycles to effectively address individual revisions. The DMAIC initiates more deliberate, in depth revisions tested through rigorous measures. Determining the optimal model for a department depends on how the new model will change from the original handoff, and how involved the department will be in extensively monitoring the changes.
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A "LEAN" PERSPECTIVE
Regardless of the improvement method chosen, the team will identify certain components of the handoff that are prone to error, delay, or redundancy. In general, such issues can be classified as waste: any activity that consumes resources but does not add value to patient care. 37 Lean is a QI methodology devoted to eliminating such waste to achieve sustainable improvement. Lean's waste-reduction principles originated in manufacturing 1 and it is now popular in many industries, including healthcare. 38, 39, 40 Lean principles are rooted in the seven categories of Lean "waste" Administering H1N1 flu vaccination to those who face a higher mortality improves the overall effectiveness of the vaccine. Though all age demographics are susceptible to H1N1 flu, vaccinating high-risk patients first is most effective.
In Figure 2 , we demonstrate how one would depict valueadded time and effectiveness on a process map; specifically the surgery-to-recovery handoff at a hypothetical academic institution. Lean fosters a working environment where continual learning and inquiry thrive. New sources of waste will continue to challenge any process, but Lean initiatives will lead to the resolution of such issues. Such a culture is critical to a successful, sustainable patient handoff.
ROOT CAUSE ANALYSIS
Root cause analysis (RCA) is a problem solving method that identifies undesirable variation in a specific event or process, and uncovers the root causes of those problems. 47 Since a handoff model's success is determined by its ability to handle the variations of clinical care, RCA is a valuable tool for identifying the underlying causes of problematic variation. 47, 48, 49 In our context, a QI team starts by documenting a handoff process map. Next, note the inherent fluctuations in each step (e.g. the delays in surgery start time). Once each source of variation is identified, the team separates that variation which is desirable from that which is problematic or unnecessary. 48, 50, 51 A helpful guide for distinguishing between desirable and problematic variation is our discussion of Lean waste in the previous section.
Next, the team identifies what contributes to the problems. The process proceeds onward until the basic root causes are clearly identified. Some of the underlying factors are broad, systemic issues, and deserve thorough investigation. Others are specific and corrective action is easier to implement.
The team presents RCA results in a variety of ways. We discuss three formats: a Tree Diagram, Pareto Chart, and a Control Chart. 49, [51] [52] [53] [54] Often, root problems stem from a few defined sources, so the Tree Diagram is a natural method. 49 It organizes each event individually and branches out to display its causes. A problematic event can have many branches before leading to the root cause.
Alternatively, Pareto Charts are not organized in a causeand-effect diagram 52 ; rather they indicate how often each problematic event occurs. As such, they require data collection to populate.
A Control Chart isolates one or more error types in a Pareto Chart and plots performance over time. 30 The chart alerts the team to significant, undesirable trends in a given performance metric.
Used together, the three tools allow one to visualize inefficiencies along the entire handoff process map and then focus on variations at each individual step.
In the Lean section, we reviewed part of a hypothetical handoff process map. Applying RCA to this map starts by interviewing the relevant staff. After the interviews, the team could use a Tree Diagram to visually depict the issues (shown in Figure 3 ). Notice that each branch displays a sequential series of logic that eventually leads to a root cause. 48 The root causes suggest an intuitive plan for improvement. Depicting RCA as a tree diagram.This tree diagram allows one to clearly visualize the relationship of each root cause and the step-by-step approach in elucidating it. One must be clear in defining exactly what constitutes a root cause problem: "poor communication" and similar generalized problems often belie a more specific true root cause which must be teased out.
A Pareto Chart could also help in our example. Assume we institute a survey to assess the frequency of the five root causes. After administering the survey, we obtain the following frequencies: (1), 40%; (2), 25%; (3), 20%; (4), 10%; (5), 5%;. The Pareto Chart inserted (Figure 4 , left) demonstrates the frequency of each variation relative to each other. Understanding problem variation.We create a hypothetical data set which includes the frequency of each of the five problems highlighted in Figure 3 . Figure 4 .a indicates that Error Type (1) occurs most often. We then plot the delay time related to each occurrence of Error Type 1 in Figure  4 .b. The visual depiction of a 95% confidence interval {5. 28, 6 .72} around the mean delay time of six minutes indicates that two occurrences (the two red diamonds) may have been due to special causes and should be investigated further.
To understand a particular variation source more thoroughly, the team could develop a Control Chart. The chart plots performance over time for a specific step. Abnormal variation is observed outside designated upper and lower "control limits". Control limits are a function of the data defined by a confidence interval as a function of the mean, variation (standard deviation), and sample size. 36, 53 Consider the first (1) problem cited in our Pareto Chart on the left side of Figure 4 that we hypothetically monitored for thirty independent events. The control limit (Figure 4 , right) was set about a ninety-five percent (95%) confidence interval with a mean of six minutes and a standard deviation of two minutes.
Used together, the Tree Diagram, Pareto Chart, and Control Chart visualize inefficiencies along the entire handoff process map and then focus on variations at each individual step. A QI team can study improvement on a more complex level, effectively specifying where the improvements are needed and how well the improvements work. Each model complements one another to organically synthesize a complete understanding of the handoff improvement.
QUANTITATIVE PRIORITIZATION
Implementing a quantitative method to complement PDCA and DMAIC assists in prioritizing the department's values and the desired goals of the handoff initiative. Lastly, the team adds across each row and column to determine the sum total of each correlation. We then multiply the sum with the preference ranking to obtain a total score. 54, 55 Items prioritized as "one" would be multiplied by a factor of "three", just as items prioritized as "three" would be multiplied by a factor of "one." The total score helps the QI team determine what to emphasize in merging the handoff dimensions with the department values.
Quantitative Prioritization allows comprehensive, collaborative input from all stakeholders in a value weighted manner. Such collaboration can motivate members within a department to help implement the handoff and help ameliorate potential conflicts that arise during implementation. Constructing a Prioritization Matrix.The numbers, 3, 6, and 9, in the center large box represent the estimated strength of correlation between a given row and column. The Importance Rankings are established independently of the correlations. High rank implies high importance.
CONCLUSION
Medical programs must develop innovative methods to incorporate the trends in medical handoffs into their curricula. Knowledge brokering key concepts from other disciplines elucidates opportunities to improve the handoff transition and to educate why such improvements are necessary. Medicine must integrate new disciplines, such as Industrial Engineering QI, to best prepare residents for medical practice because these methods discordantly reflect how one perceives handoff transitions. And this perspective provides a different latitude that is both implementable and educational.
These QI principles represent an overview of the analyses necessary to overcome common impediments to successfully implementing handoff quality improvement. These models are among the many one can utilize to study handoff improvements; and a focus on why these principles lead to success is more important than rote memorization of these principles. We provide unique insight from these models to best understand how one can apply each model in a specific context. We arranged each model in the order that they are likely to be useful to a QI team innovating a new handoff model.
A medical department seeking to educate its residents on handoff improvements should structure the training along this framework. Presenting handoffs as a complex field ripe with principles from many disciplines allows the residents to appreciate the complexity in handoffs and to systematically learn the improvement methods. These models, when combined, integrate into a framework conducive for resident learning.
APPENDIX
Each model is described in brief with suggestions for when it can be most efficiently implemented in the handoff process. Table 1 Summarizing each method.These principles represent an overview of common impediments to successfully implementing handoff quality improvement. These methods are among the many one can utilize to improve medical handoffs; a focus on why these principles lead to success is more important than the choice of methods.
